To test the effect of seed treatment with fungicides on the development of mycorrhizal fungi, bean seeds were treated with fungicide dry or vehicled in the organic solvents, ethanol or dichloromethane and then planted in soil inoculated with the mycorrhizal fungus Glomus macrocarpum and/or the plant pathogenic fungus Fusarium solani. Measurements were made at 4 day intervals, to evaluate the location and extent of colonization of either Glomus macrocarpum or Fusarium solani in the root system. Most combinations of fungicide-solvent had little effect on the extent of colonization by each fungus individually. However, when both fungi were inoculated together, symptoms of F. solani were seen only in the tips of roots which indicate that the mycorrhizal fungus was able to limit the occurrence of the pathogenic fungus.
Introduction
The progression of fungal pathogens on a root system has not been elucidated for many of the more important soil-borne plant pathogens even though disease progress caused by soil-borne plant pathogens in the field has received much attention (Nicot et al., 1984; Shew et al., 1984; Smith and Rowe, 1984) . Also, this type of progression does not appear to be reported for VA mycorrhizal fungi or for the interaction of VA mycorrhizal fungi with plant pathogens. VA mycorrhizal fungi are known to protect plants against plant pathogens (Hayman, 1983) .
Fungicidal seed treatment is commonly used to control soil borne microorganisms (Dhingra et al., 1980) ; however, their collateral effects on VA mycorrhizal fungi are only beginning to be elucidated (Bailey and Safir, 1978; Fitter and Nichols, 1988; Trappe et al., 1984) . This study charted the development of the VA fungus Glomus macrocarpum and the plant pathogenic fungus Fusarium solani, alone or in combination, on the root systems of bean plants.
Materials and methods
The mycorrhizal fungus and the plant pathogenic fungus were grown in pot cultures and agar culture respectively and these were incorporated into the planting substrate as previously described (Gon~alves et al., 1991) . Both fungi were incorporated throughout the soil and not ban-ded. Seeds of bean (Phaseolus vulgaris cv. Carioca) were either non-treated or treated with the fungicides benomyl [methyl -1 -(butylcarbamoyl)benzimidazol -2yl -carbamate] or captan [3a,4,7,7a -tetrahydro -N -(trichloromethanesulphenyl) -phthalimide] as dry treatments or vehicled in the organic solvents dichloromethane (DCM) or ethanol for 30min (Dhingra and Muchovej, 1980; Muchovej, 1987; Muchovej and Dhingra, 1980) . Control treatments consisted of untreated seeds or seeds soaked in organic solvent alone.
Seeds were planted in the treated soil which was then irrigated with distilled deionized water. At 4-day intervals, beginning after planting, the tops of 4 plants per each soil:fungicide:solvent combination were harvested. The tops of the plants were removed and the entire root system collected intact by immersing the soil into a bucket filled with water. The roots were then visually inspected for colonization by Fusarium solani which produces reddish symptoms (Burke and Miller, 1983) . The entire root system was then stained and checked for colonization by G. macrocarpum (Phillips and Hayman, 1970) . The extension of colonization or discoloration was measured to the nearest 0.5 cm. Harvests continued for 10 sampling periods, when approximately 50% of the plants inoculated with the mycorrhizal fungus had begun to flower. All treatments were done in 4 replicates.
Results
Only representative samples will be illustrated rather than all 36 possible combinations.
Mycorrhizae were first encountered on the fourth observation date regardless of the treatment. On the other hand, symptoms of Fusarium were first seen as early as the third observation date in the F. solani inoculated treatment or as late as the sixth observation date in the F. solani inoculated treatments in which benomyl had been applied to the seed. In no cases were either mycorrhizae or symptoms of F. solani encountered in plants which had not been inoculated with the respective fungi.
The root system of the plants developed in both length and volume throughout the 10 sampiing period (Fig. 1 ). Normally one tap root and four secondary roots were found and these would branch and fill with minor roots.
When F. solani was inoculated, symptoms were visible as small reddish patches on the roots. These patches were situated at first on the ends of the roots. With time, symptoms were visible closer to the root crown and were also more numerous. The general trend of colonization was similar in all F. solani treatments, independent of the seed treatment process. Differences were seen only in the date of symptom occurrence. The magnitude of colonization varied only over time. The number of loci of symptoms of F. solani was usually small initially and these would increase in size before they would become more numerous (Fig. 2) . In older plants, the number and size of the infections increased. The infections were distributed evenly over the root system and were found both near and away from the point of attachment of the seed. Interestingly, seed treatment with fungicide did not affect the location of the symptoms but rather affected the initial appearance and intensity of the infections. Seeds treated with benomyl produced root systems that were slightly less colonized.
Glomus macrocarpum, on the other hand was found distributed over the root systems and did not show an initial preference for any location (Fig. 3) . Over time, the number of loci of mycorrhizal infections increased as well as the size of each locus. The number of loci of mycorrhizal infections was much greater than the number of loci of Fusarium when these were inoculated separately, even though the number of spores placed in the soil was much higher for F. solani (@ Figs. 2 and 3) . The locations of mycorrhizat infections were both near and distant from the seed, and were on both newly formed and older roots. The size of those infections increased with time (Fig. 3) . The initial occurrences of mycorrhizal infections were anywhere on the root system, many times being close to the place of initial attachment of the seed. Normally, infections were not seen on the very small roots.
When F. solani and G. macrocarpum were inoculated together, the points of infection by F. solani were more restricted to the root tips, at least in the initial stages of colonization (Fig. 4) . stricted to the places on the roots where G. macrocarpum was not occurring. It was possible to get adjacent infections of the two fungi but these did not seem to overlap. At forty days, the effect of the individual treatments varied, more so than if the fungi were inoculated separately.
The interaction of G. macrocarpum and F, solani showed initial tendencies that were similar to those of each fungus individually. The loci of mycorrhizal infections were originally distributed over the root system, with each locus of F. solani infection being limited to the root tips (Fig. 4) . As time progressed, infections of F. solani could be seen closer to the root crown.
In Figure 5 , the root systems of three treatments inoculated with both F. solani and G. macrocarpum after 40 days are depicted. The control treatment (left) shows many points of colonization by G. macrocarpum and few, although moderately sized infections by F. solani. When seeds were treated with ethanol plus captan (center), the mycorrhizal infections ap- peared to be larger in size, and the F. solani infections smaller. When seeds were treated with DCM plus benomyl, the sites of mycorrhizal colonization were less in number but all colonizations were larger in size. Interestingly, the sites of colonization by F. solani were restricted to the root tips. This would indicate that under these conditions, the colonization of the root system by the mycorrhizal fungus limited colonization by F. solani, only in location.
Discussion
The development of two fungi on the same root system shows that the dominant one is the one which is first able to colonize the root tissue, which in this case, was the mycorrhizal fungus. This colonization then limited the colonization of the pathogenic fungus to areas of the root which had not been colonized, thus affording protection. Theoretically, the two fungi involved here, G. macrocarpum and F. solani compete for the same 'infection sites' on the root tissue. Glomus macrocarpum is a biotroph, in that it obtains nutrients from living cells. Fusarium solani on the other hand is a necrotroph since it kills the cells from which it obtains nourishment. Therefore, cells that are colonized by F. solani could not be colonized by G. macrocarpum, even though the inverse would not be true, unless G. macrocarpum were able to produce or stimulate the plant to produce some antifungal compound which would limit the pathogenic fungus. This is difficult to envision since, in at least a few root systems, lesions caused by F. solani and colonization by G. macrocarpurn bordered each other. The other possibility is that not sufficient time occurred for F. solani to encroach on the G. macrocarpum. This would be an academic question since at the time of harvest in this experiment, plants had already begun to flower and therefore begun the process of maturity (Goodwin and Mercer, 1983) . At this point, since carbohydrate transport to the root system decreases, the VA mycorrhizal activity would also begin to decrease. The remaining tissues would then be readily colonized by the Fusarium until the entire root system would decompose leaving only the major tap root.
Interestingly, the relatively small amounts of colonization by F. solani were sufficient to decrease yields (compare with dry weights, Gonqalves et al., 1991) .
